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ABSTRACT

Background

Kidney transplantation is the treatment of choice for patients with end-stage kidney disease (ESKD). Rising ESKD prevalence
has substantially increased numbers of kidney transplants performed. Maintenance immunosuppression is long-term treatment to
prevent acute rejection and deterioration of graft function. Although immunosuppressive treatment using drugs such as calcineurin
inhibitors (CNIs, such as cyclosporin A (CsA) or tacrolimus) reduce acute rejection rates, long-term allograft survival rates are not
significantly enhanced. CNI-related adverse effects contribute to reduced quality of life among kidney transplant recipients. Adjuvant
immunosuppressive therapies that could offer a synergeticimmunosuppressive effect, while minimising toxicity and reducing side effects,
have been explored recently.

Cordyceps sinensis, (Cordyceps) a traditional Chinese medicine, is used as an adjuvant immunosuppressive agent in maintenance
treatment for kidney transplantation recipients in China, but there is no consensus about its use as an adjuvant immunosuppressive
treatment for kidney transplantation recipients.

Objectives

This review aimed to evaluate the benefits and potential adverse effects of Cordyceps as an adjuvant immunosuppressive treatment for
kidney transplant recipients.

Search methods

We searched the Cochrane Kidney and Transplant Specialised Register through contact with the Trials Search Co-ordinator to 7 September
2015 using search terms relevant to this review. We also searched Chinese language databases and other resources.

Selection criteria

We included all randomised controlled trials (RCTs) and quasi-RCTs evaluating the benefits and potential side effects of Cordyceps
sinensis for kidney transplant recipients, irrespective of blinding or publication language. An inclusion criterion was that baseline
immunosuppressive therapy must be the same in all study arms.

Data collection and analysis

Two authors extracted data. We derived risk ratios (RR) for dichotomous data and mean differences (MD) for continuous data with 95%
confidence intervals (CI).
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Main results

Our review included five studies (six reports; 447 participants) that assessed Cordyceps. Limited reporting of study methods and data
meant that all included studies were assessed as having unclear risks of bias. The studies investigated Cordyceps compared with
azathioprine (AZA) (4 studies, 265 participants) and Cordyceps plus low dose CsA versus standard dose CsA (1 study, 182 participants).

Compared with AZA, Cordyceps showed no significant difference in graft or patient survival, but improved graft function and may reduce
acute rejection episodes. Anaemia, leucopenia, and liver function improved, and incidence of infection may also be reduced.

Compared with low dose CsA versus standard dose CsA, Cordyceps did not demonstrate any statistically significant differences in patient
survival, graft loss, acute rejection or allograft function. There was limited low quality evidence to suggest benefits in pulmonary infection,
serum albumin, serum uric acid levels, CNI nephrotoxicity and hepatotoxicity.

None of the included studies reported on quality of life, and follow-up was short-term (three months to one year). Given the limited number
of small studies, and high risk of bias, results should be interpreted with caution.

Authors' conclusions

Although there were some favourable aspects associated with Cordyceps, longer-term studies are needed to clarify any benefit-harm trade-
off. Future studies should investigate the use of Cordyceps in combination with other immunosuppressive agents such as tacrolimus,
mycophenolate mofetil or induction therapy. Such studies also need to be appropriately sized and powered.

PLAIN LANGUAGE SUMMARY

Cordyceps sinensis (a traditional Chinese medicine) for kidney transplant recipients

Kidney transplant recipients need to take several immunosuppressive drugs following surgery to prevent rejection. However, these drugs
can cause side effects which compromise long-term survival for both patients and grafted kidneys.

Cordyceps sinensis (Cordyceps) is used in traditional Chinese medicine settings. Cordyceps is thought to suppress organ rejection, reduce
immunosuppressive drug use, and protect patients from drug-related side effects. However, because Cordyceps use is limited beyond
settings that routinely treat people using traditional Chinese medicine, its benefits and harms are unclear.

We evaluated the use of Cordyceps following kidney transplantation to assess its safety, benefits and harms. We searched the literature
published to September 2015 and found 156 records. Of these, 131 were from Chinese language databases and 25 from non-Chinese
language sources. After assessment, we included five studies (six reports) that presented data from 447 adult patients who received
Cordyceps treatment following kidney transplantation in China. Overall, we found that reporting and study designs were significantly
flawed and may have overestimated benefits and underestimated harms.

Cordyceps was compared with azathioprine (an immunosuppressive drug). We found no significant differences between treatments in
terms of patient or kidney survival, or organ rejection. We found some improvement in kidney function, anaemia, leucopenia, liver function
and incidence of infection among people who received Cordyceps.

We also analysed Cordyceps in combination with low dose cyclosporin A (CsA, another immunosuppressive drug) versus standard dose
CsA. We found no significant differences in patient or kidney survival, organ rejection, or kidney function between treatments. Cordyceps
treatment was reported to lead to a reduction in CsA dose, improved rates of lung infection, albumin and uric acid levels in blood. Cordyceps
also appeared to offer protective effects against kidney and liver damage that can occur with use of CsA; however this improvement may
also have been due to the lower CsA dose.

Our review was limited by the few included studies with small numbers of participants that investigated Cordyceps for kidney transplant
recipients. Effects of therapies were observed for very short periods which significantly limited the robustness of reported outcomes. Larger
and more robust randomised studies that assess the benefits and harms of Cordyceps for people following kidney transplantation are
needed to better inform clinical practice.

Cordyceps sinensis (a traditional Chinese medicine) for kidney transplant recipients (Review) 2
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BACKGROUND

Description of the condition

Calcineurin inhibitor (CNI)-based immunosuppressive treatment
with cyclosporin A (CsA) and tacrolimus can significantly reduce
acute rejection rates and provide excellent early outcomes.
However, long-term allograft survival rates are not significantly
enhanced by these drug therapies (Meier-Kriesche 2004). Chronic
allograft injury, a major cause of kidney transplant failure, occurs
frequently and often results in requirement for dialysis. Kidney
allograft failure is one of the most common causes of end-stage
kidney disease (ESKD), and is responsible for 25% to 30% of
patients waiting for kidney transplants. In the USA, over 20%
of kidney transplant recipients have failed one or more kidney
allografts (Vella 2010). In 2013, over 26,000 people In the USA
underwent kidney transplantation (OPTN 2015).

CNI nephrotoxicity is a major contributor to chronic allograft
injury. Almost all kidney transplant recipients exhibit chronic
CsA nephropathy about 10 years after commencement of CNI
treatment (Nankivell 2003). CNI use for kidney transplant recipients
is also associated with higher prevalence of hypertension and
dyslipidaemia and an increased risk of cardiovascular events
(de Mattos 2000; Olyaei 2001). CNI-related adverse effects can
lead to poor long-term outcomes in kidney transplant recipients.
Alternatives to CNI-based adjuvant immunosuppressive therapies
that could enhance quality of life and reduce side effects have been
explored.

Description of the intervention

Cordyceps sinensis (Cordyceps, Dong Chong Xia Cao), a traditional
Chinese medicine, is also known as Chinese caterpillar fungus. It
is a complex stroma of a unique parasitic fungus that invades and
deposits spores in the larvae of moths. Cordyceps is a traditional
tonic herb and has been used recently to treat a wide range of
disorders, including kidney, respiratory, liver and cardiovascular
diseases in China.

Evidence from animal and in-vitro studies has shown that
Cordyceps may be beneficial for kidney transplant recipients.
Animaltransplant models have reported that Cordyceps can inhibit
rejection and prolong allograft survival (Cheng 2006; Luo 2007;
Zhang 1990). When combined with CsA, Cordyceps has been
reported to exhibit synergisticimmunosuppressive effects that can
ameliorate CNI nephrotoxicity (Ding 2009a; Zhao 1993). Cordyceps
with reduced dose CsA has been shown to suppress rejection
as effectively as standard dose CsA alone (Ding 2011; Li 2009).
As a replacement for azathioprine (AZA) in immunosuppressive
triple therapy, Cordyceps has been reported to confer a similar
immunosuppressive effect with fewer side effects compared with
conventional therapies (Sun 2004; Yu 1991).

In China, Cordyceps is commonly used as an adjuvant
immunosuppressive agent in both initial and long-term
maintenance treatment for kidney transplant recipients. Cordyceps
is in limited in supply in its natural state but various cultured and
fermented mycelial products with similar pharmacologically-active
components are now used in clinical practice (Zhu 1998a; Zhu
1998b).

Although Cordyceps has undergone substantial research in recent
decades, many therapeutic claims remain unsubstantiated. A

specific component responsible for biological activity and the
mechanism of its effect has yet to be determined. Almost all
published studies of pharmacological actions of Cordyceps were in-
vitro or animal models, with few human clinical studies.

There have been no human studies suggesting a dose-response
effect with Cordyceps in its natural or artificially cultivated forms,
and no comparative studies comparing either form. Although
animal studies have suggested that artificially cultivated Cordyceps
has limited toxicity in rats and mice (Jian 1995; Jiang 1995; Kong
1995), there have been no human studies investigating the safety of
natural or cultivated Cordyceps.

How the intervention might work

It has been suggested that Cordyceps for kidney transplant
recipients may:

1. synergistically suppress rejection (Cheng 2006; Ding 2009a;
Jordan 2008; Luo 2007; Zhang 1990;Zhao 2007);

2. reduce CNI dose and related side effects (Ding 2009a; Ding 2011,
Li 2009);

3. ameliorate CNI nephrotoxicity and improve kidney graft function
(Ding 2009a; Xu 1995; Zhao 1993); and

4. decrease prevalence of complications (infections, leucocyte
depletion) (Sun 2004; Yu 1991).

Studies on the mechanisms of action of Cordyceps for kidney
transplant recipients have suggested that its therapeutic effects
may be related to its bidirectional immunomodulating activity
(Ka 2006), antioxidant activity (Shin 2001; Yamaguchi 2000), and
anti-inflammatory properties (Ding 2009a). Cordyceps may protect
grafted kidneys by ameliorating renal tubular impairment and
reducing renal interstitial fibrosis (Chai 2009).

Why it is important to do this review

Cordyceps use for kidney transplant recipients is almost exclusively
confined to China. Although it has been suggested that Cordyceps
may offer benefits for kidney transplant recipients, inherent
limitations in study sample size and inappropriate study design
means that results cannot be applied with confidence.

Because the safety and efficacy of Cordyceps for kidney transplant
recipients had not been systematically appraised, we aimed to
assess the therapeutic effect of Cordyceps for kidney transplant
recipients and identify areas for improvement in future clinical
studies.

OBJECTIVES

This review aimed to evaluate the benefits and potential adverse
effects of Cordyceps as an adjuvant immunosuppressive treatment
for kidney transplant recipients.

METHODS

Criteria for considering studies for this review
Types of studies

We included all randomised controlled trials (RCTs) and quasi-
RCTs (studies in which allocation to treatment was obtained by
alternation, use of alternate medical records, date of birth or other
predictable methods) evaluating the benefits and potential side
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effects of Cordyceps for kidney transplant recipients, irrespective of
blinding, publication language, and publication year.

Types of participants

Kidney transplant recipients of any age or sex, with any type
of kidney disease causing ESKD were included. Previous kidney
graft recipients were also included. Patients who had undergone
solid organ transplantation other than kidney (such as kidney and
pancreas) were excluded.

Types of interventions

« The interventions eligible to be investigated were Cordyceps
or its products as the single treatment drug, regardless
of formulation or route of administration. These included
extracts of Cordyceps (any part) or any derived, cultured,
fermented mycelial products that contain pharmacologically-
active components similar to wild Cordyceps. Other Cordyceps
species, such as Cordyceps militaris, were also included

« Control interventions included placebo, no treatment or
conventional treatment

« Co-interventions were permitted where participants in all study
arms received the same co-intervention

« Studies of Cordyceps as a component of compounded
preparations or as part of a combined treatment regimen were
excluded

« Studiesthatincluded other herbal or complementary medicines
that lack validated efficacy as the control intervention were
excluded.

Types of outcome measures
Primary outcomes

1. All-cause mortality

2. Incidence of graft failure (defined as creatinine clearance/
glomerular filtration rate (CrCl/GFR) < 15 mL/min or need for
dialysis)

3. Incidence of acute rejection (biopsy proven/clinical suspicion)

4. Incidence and degree of chronic allograft injury (biopsy proven/
clinical suspicion).

Secondary outcomes

1. Kidney function (measured by GFR, CrCl, or serum creatinine
(SCr))

2. Proteinuria (measured by 24 hour urinary protein excretion,
protein/creatinine ratio, or albumin/creatinine ratio)

3. Routine urine analysis (urinary erythrocytes, leucocytes and
urinary protein (semi quantitative))

4. CNI nephrotoxicity (biopsy proven)

5. CsA (or tacrolimus) dose and whole blood CsA (or tacrolimus)
concentration

6. Blood routine examination (haemoglobin (Hb) and white blood
cell count)

7. Complications (infection, liver injury, hyperuricaemia)
8. Quality of life (measured by a validated scale)
9. Adverse effects.

Primary and secondary outcome measurements were collected
immediately after treatment and at the end of follow-up.

Search methods for identification of studies
Electronic searches

We searched the Cochrane Kidney and Transplant Specialised
Register through contact with the Trials' Search Co-ordinator to
7 September 2015 using search terms relevant to this review.
The Cochrane Kidney and Transplant Specialised Register contains
studies identified from the following sources.

1. Quarterly searches of the Cochrane Central Register of
Controlled Trials CENTRAL

2. Weekly searches of MEDLINE OVID SP

3. Handsearching of kidney-related journals and the proceedings
of major kidney and transplant conferences

4. Searching of the current year of EMBASE OVID SP
5. Weekly current awareness alerts for selected kidney journals

6. Searches of the International Clinical Trials Register (ICTRP)
Search Portal and ClinicalTrials.gov.

Studies contained in the Specialised Register are identified through
search strategies for CENTRAL, MEDLINE, and EMBASE based on
the scope of Cochrane Kidney and Transplant. Details of these
strategies as well as a list of handsearched journals, conference
proceedings and current awareness alerts are available in the
Specialised Register section of information about the Cochrane
Kidney and Transplant.

See Appendix 1 for search terms used in strategies for this review.
The following Chinese databases were also searched.

1. CBM (Chinese Biomedical Literature Database) (to 28 February
2014)

2. CNKI (China National Knowledge Infrastructure) (to 28 February
2014)

3. CMAC (China Medical Academic Conferences (to 28 February
2014)

4. TCMLARS (Traditional Chinese Medical Literature Analysis and
Retrieval System) (to 28 February 2014)

5. Wanfang Data (to 28 February 2014).

Searching other resources

1. Reference lists of review articles, relevant studies and clinical
practice guidelines.

2. Letters seeking information about unpublished or incomplete
studies to investigators known to be involved in previous
studies.

Data collection and analysis
Selection of studies

The search strategy described was used to obtain titles and
abstracts of studies that could be relevant to the review. The
titles and abstracts were screened independently by two authors
who discarded studies that were not applicable; however, studies
and reviews that might include relevant data or information
on studies were retained initially. Two authors independently
assessed retrieved abstracts, and if necessary, the full text of
these studies to determine which satisfied the inclusion criteria.

Cordyceps sinensis (a traditional Chinese medicine) for kidney transplant recipients (Review) 4
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Disagreement was resolved by discussion or arbitration by a third
author of review.

Data extraction and management

Data extraction was carried outindependently by two authors using
a standard data extraction form. Studies reported in non-English
or non-Chinese language journals were planned to be translated
before assessment. Where more than one publication of one study
existed, reports were grouped together and the publication with
the most recent complete data was used. Where relevant outcomes
were only published in earlier versions these data were used. Any
discrepancy between published versions was to be highlighted.
Any further information required from the original author was
requested by written correspondence and any relevant information
obtained in this manner was included in the review. Disagreements
between authors were resolved by consultation with a third author.

Assessment of risk of bias in included studies

To detect potential selection bias, performance bias, attrition bias,
detection and reporting bias, the following items were assessed
using the risk of bias assessment tool (Higgins 2011) (see Appendix
2).

« Was there adequate sequence generation (selection bias)?
« Was allocation adequately concealed (selection bias)?

« Was knowledge of the allocated interventions adequately
prevented during the study?
o Participants and personnel (performance bias)

o Outcome assessors (detection bias)

« Were incomplete outcome data adequately addressed (attrition
bias)?

« Are reports of the study free of suggestion of selective outcome
reporting (reporting bias)?

« Was the study apparently free of other problems that could put
it at a risk of bias?

Measures of treatment effect

For dichotomous outcomes (all-cause mortality, incidence of graft
failure, acute rejection, chronic allograft injury, CNI nephrotoxicity,
complications) results were expressed as risk ratios (RR) with
95% confidence intervals (Cl). Where continuous scales of
measurement were used to assess the effects of treatment (kidney
function, proteinuria, CsA or tacrolimus dose, whole blood CsA or
tacrolimus concentration, routine urine examination, blood routine
examination, quality of life) the mean difference (MD) with 95% CI
were used, or the standardised mean difference (SMD) if different
scales had been used.

Dealing with missing data

Whenever possible, we contacted study authors to obtain missing
data. Any data obtained in this way were included in the analysis.
The potential impact of missing data was considered in the
interpretation of the results. For dichotomous outcomes, missing

data were investigated by sensitivity analyses of worst-best cases.
For continuous outcomes, a fixed difference between the means of
missing data and the measured outcome data were assumed in the
sensitivity analysis.

Assessment of heterogeneity

Heterogeneity was analysed using a Chi? test on N-1 degrees of
freedom, with an alpha of 0.1 used for statistical significance and
with the I? test (Higgins 2003). I* values of 25%, 50% and 75%
correspond to low, medium and high levels of heterogeneity.

Assessment of reporting biases

We planned to construct funnel plots to explore bias if more than
10 studies were included in this review (Higgins 2011). However, the
small number of included studies (five) meant that this could not
be undertaken.

Data synthesis

Data were pooled using the random-effects model but the fixed-
effect model was also used to ensure robustness of the model
chosen and susceptibility to outliers.

Subgroup analysis and investigation of heterogeneity

We planned to conduct subgroup analyses to explore potential
sources of heterogeneity.

1. Risk of bias (low or unclear)

2. Source (wild or cultivated) and preparation (whole plant or
extract) of Cordyceps

3. Use of Cordyceps with or without other treatment (low dose CsA
or tacrolimus, standard dose CsA or tacrolimus, AZA)

4. Dose, timing of initiation and/or duration of therapy.

Sensitivity analysis

For dichotomous outcomes, we planned to perform worst-best
case analyses to explore the impact of incomplete or missing data.
We also planned to conduct sensitivity analyses on adequacy of
sequence generation and blinding to explore their influence on
effect estimates, but the small number of included studies and
inconsistent outcome reporting made this meaningless.

RESULTS

Description of studies
Results of the search

The search of the Cochrane Kidney and Transplant Specialised
Register to 7 September 2015 identified 25 citations, and the
combined search of databases in Chinese (CNKI, CBM, and
WanFang, CMAC, TCMLARS) identified 131 citations. After duplicate
reported were excluded then titles and abstracts reviewed, 12
reports underwent full-text review and we identified five studies
(six reports) that met our inclusion criteria (Figure 1).
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Figure 1. Study flow diagram
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Included studies: 5 studies (6 reports; 447

The five included studies reported data from 447 participants
(214/233 treatment/control) (Ding 2011; Sun 2004a; Wang 2005;
Wang 2005a; Yu 1991; see Characteristics of included studies).

Included studies

Of the five included studies, four investigated Cordyceps versus
AZA (Sun 2004a; Wang 2005; Wang 2005a; Yu 1991) and one study
(Ding 2011) investigated Cordyceps plus low dose CsA versus
standard dose CsA. All were parallel design, single centre studies
conducted in China. None of the included studies reported all
outcomes of interest to this review. Authors of all included studies
were contacted for clarification of characteristics of study methods
and unreported data; however, no additional information was
obtained.

Cordyceps was assessed as part of initial maintenance
immunosuppression therapy following kidney transplantation in
all studies. None of the study participants received Induction
therapy. The Cordyceps preparation administered in all included
studies was Bailing capsule (Hangzhou Pharmaceutical Co Ltd
China), which is a dry powder from artificially fermented Cordyceps
sinensis.

Cordyceps versus AZA

Sun 2004a, Wang 2005, Wang 2005a and Yu 1991 investigated
Cordyceps versus AZA. There were 265 participants enrolled

between 1989 and 2003, and all studies were published in Chinese
medical journals.

Cordyceps dose ranged from 3.0 to 6.0 g/d and AZA from 50 to 150
mg/d. Baseline immunosuppression was maintained across both
arms in all studies. During the transplant surgical period (from the
day before surgery to the second day post-transplant) the same
immunosuppression therapy, including CsA and prednisolone,
were administered for all participants. All participants commenced
therapy from the third day after transplantation. Concomitant
therapy consisted of CsA and steroids.

Sun 2004a reported that the CsA dose was commenced at 150 mg/
d from the third day following surgery and was adjusted according
to SCr level and serum CsA concentration over the following
12 months. Wang 2005, Wang 2005a and Yu 1991 reported CsA
administered at 7 mg/kg/d commencing from day 3 following
surgery that was gradually reduced to 4 mg/kg/d at 12 months.
However, detailed dose adjustment information was not reported
(Characteristics of included studies).

Follow-up duration was one year in all studies. However, Yu
1991 reported one year follow-up for only 13/34 participants; the
remainder of participants had been enrolled for less than one year
before study end.
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Transplant-focused outcomes were reported more frequently: graft
loss was reported in four studies (Sun 2004a; Wang 2005; Wang
2005a; Yu 1991) and acute rejection in three (Sun 2004a; Wang 2005;
Yu 1991); complications ofimmunosuppression including infection,
anaemia and leucopenia were reported by Sun 2004a.

Graft survival was generally not defined; reporting on acute
rejection was in terms of rejection episodes (Ding 2011; Sun 2004a;
Wang 2005; Yu 1991).

Some outcomes were reported at different time points. Yu 1991
measured SCr reported as ordinal data (SCr incidence <2 mg/dL, 2
to 2.5 mg/dL, or > 2 mg/dL) at three months post-transplantation.
Sun 2004a reported SCr as continuous data (mean + SD) at one
year post-transplant, therfore these data could not be pooled for
analysis. Yu 1991 reported leucopeniaincidence and abnormal liver
function (dichotomous data) at three months post-transplantation;
however Sun 2004a reported leucocyte numbers and AST and
ALT levels (continuous data) at one year post-transplantation.
Thus, these data could not be pooled. Routine urinalysis (urinary
erythrocytes, leucocytes) and blood tests (erythrocytes and white
blood cell count) were reported only by Sun 2004a. Yu 1991 and
Wang 2005 reported patient survival; no deaths were reported.

Blinding of interventions, investigators and outcome assessors
were not reported. Most studies did not report study methodology
in sufficient detail to enable assessment of all potential sources of
bias, leading to a high proportion of unclear classifications.

Cordyceps with low dose CsA versus standard dose CsA

Ding 2011 (182 participants) compared Cordyceps with low dose
CsA versus standard dose CsA from 2005 to 2007. All participants
received immunosuppressive therapy (methylprednisolone 3.0 g
and cyclophosphamide) for five days from surgery (day 1) to
postoperative day 4. Cordyceps (3.0 g/d) and CsA (2.0 to 4.5 mg/

kg/d) were commenced from day 5. Concomitant therapy included
mycophenolate mofetil (MMF) and steroids. CsA was commenced at
4.5 mg/kg/d in both study arms, and gradually adjusted according
to kidney and liver function from the second to 12 months following
transplantation. CsA dose was 0.2 to 0.4 mg/kg/d lower in the
Cordyceps treatment group than control group participants from
the second to twelfth month post-transplant. No induction therapy
was used. Follow-up duration was 12 months.

Ding 2011 reported several outcomes relevant to this review,
including patient survival, graft survival, and acute rejection, as well
as secondary outcomes, such as graft function, CNI nephrotoxicity,
pulmonary infection, hepatotoxicity, liver function, CsA dose
and blood concentration. Acute rejection episodes and CNI
nephrotoxicity were confirmed by percutaneous kidney transplant
biopsy. Episodes of acute rejection, incidence of nephrotoxicity and
pulmonary infection, and CsA dose data were shown as graphs in
the study report; primary digital data were unavailable through
contact to author, so we extracted data using Engauge Digitizer
planimetric software (version 4.1, Sourceforge.net).

Methodology reporting in Ding 2011 was suboptimal. Blinding to
the intervention, investigators and outcome assessors were not
reported.

Excluded studies

We excluded six studies (Ding 2009; Min 1996; Xu 1995; Xu
1997; Zhang 2008; Zhang 2011) following full-text assessment
(Characteristics of excluded studies). Reasons for exclusion
included: not RCT (2); investigated a different intervention, or
Cordyceps was investigated as a secondary intervention (4).

Risk of bias in included studies

Overall, study methods were poorly reported (Figure 2; Figure 3).

Figure 2. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages

across all included studies
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Figure 3. Risk of bias summary: review authors' judgements about each risk of bias item for each included study
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Allocation

All included studies were reported as randomised; however,
only Ding 2011 and Sun 2004a reported use of random number
tables. Wang 2005, Wang 2005a and Yu 1991 did not report
randomisation methods. None of the included studies reported
allocation concealment. Selection bias was therefore assessed as
unclear.

Blinding

Blinding of participants and outcomes assessments were not
reported in any of the included studies; however, because most
outcome data were obtained from objective medical records, our

assessment was that lack of blinding of outcomes assessment was
unlikely to introduce detection bias. Risk of detection bias in these
studies was therefore assessed as low.

Incomplete outcome data

All studies reported follow-up. There were no missing outcome
data, and risk of attrition bias was assessed as low. Follow-up of 21
of 34 participants in Yu 1991 was less than 12 months, and these
data were excluded from our analyses.

Selective reporting

No study protocols were available for the included studies; it
could not be determined if published reports included all expected
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outcomes. Intention-to-treat analysis was not reported or apparent
for all included studies. Risk of selective reporting bias was
assessed as unclear.

Other potential sources of bias

No studies reported funding sources; it was not possible to
determine if they were free of funding or other bias.

Effects of interventions
Cordyceps versus AZA

Of the five included studies, four investigated Cordyceps versus AZA
(Sun 2004a; Wang 2005; Wang 2005a; Yu 1991).

Patient survival

Yu 1991 and Wang 2005 (55 participants) reported patient
survival. No deaths were reported during the first year following
transplantation.

Graft survival

There was no significant difference in graft loss at one year (Analysis
1.1; (4 studies, 244 participants): RR 0.81, 95% Cl 0.31 to 2.10; 12 =
0%).

Acute rejection

There was less acute rejection in the Cordyceps group one year
after transplantation, however the difference was not statistically
significant (Analysis 1.2 (3 studies, 197 participants): RR 0.72, 95%
C10.44 0 1.18; 12 = 0%).

Kidney function

Only Sun 2004a reported graft function quantitatively. At one year
post-transplant SCr was significantly lower among participants in
the Cordyceps treatment arm compared with AZA (Analysis 1.3 (1
study, 121 participants): MD -15.00 umol/L, 95% CI -27.73 to -2.27).
GFR was not reported in any of the studies.

Complications and side effects ofimmunosuppression

Sun 2004a reported less infections in the Cordyceps group one year
after transplantation, however the difference was not statistically
significant (Analysis 1.4 (1 study, 121 participants): RR 0.79, 95% ClI
0.50 to 1.26).

At one year post-transplantation, Sun 2004a reported the mean
WBC and RBC counts for participants in the AZA group were
abnormally low and reached 3.9 x 10%/L and 3.6 x 1012/
L respectively. Cordyceps-treated participants had significantly
higher blood counts compared to the AZA group (Analysis 1.5 (121
participants): MD 2.50 x 109/L WBC, 95% Cl 2.03 t0 2.97; Analysis 1.6
(121 participants): MD 1.00 x 1012/L RBC, 95% CI 0.75 to 1.25).

Sun 2004a reported liver enzymes (AST, ALT) in the AZA group
were abnormally elevated and reached 52.3 U/L and 46.8 U/
L respectively at one year. Cordyceps-treated participants had
significantly lower levels compared to the AZA group (Analysis 1.7
(121 participants): MD -17.60 U/L AST, 95% Cl -23.11 to -12.09;
Analysis 1.8 (121 participants): (MD -15.30 U/L ALT, 95% Cl -20.51 to
-10.09).

No other adverse reactions to drug administration (such
as malignancy, cytomegalovirus disease, or CIN-related
nephrotoxicity) were reported.

Quality of life

Quality of life measures were not reported.

Cordyceps plus low dose CsA versus standard dose CsA

Ding 2011 investigated Cordyceps with low dose CsA. Although
the study included 182 participants, recipients who died or
experienced allograft function loss and nephrotoxicity were
excluded from the kidney function analysis. Data from 109
participants were reported in terms of kidney function, CsA dose
and blood concentration. Participants with hepatotoxicity were
excluded from analyses of liver function.

Patient survival

Ding 2011 reported no significant difference in all-cause mortality
between the Cordyceps and control groups one year post-
transplantation (Analysis 2.1 (182 participants): RR0.60,95% CI1 0.11
t0 3.17).

Graft survival

There was no significant difference reported in graft loss between
the Cordyceps and control groups one year post-transplantation
(Analysis 2.2 (182 participants): RR 0.80, 95% CI 0.23 to 2.72).

Acute rejection

Ding 2011 reported no significant difference in acute rejection
(confirmed by percutaneous kidney transplant biopsy) between
the Cordyceps and control groups one year post-transplantation
(Analysis 2.3 (182 participants): RR 0.80, 95% CI 0.38 to 1.68).

Kidney function

There was no significant difference reported in SCr between
the Cordyceps and control groups one year post-transplantation
(Analysis 2.4 (109 participants): -5.62 pmol/L; 95% CI -14.84 to 3.60).
GFR was not reported.

CsA dose and blood concentration

Differences in CsA dose between groups was not significant at
one month post-transplantation; however from two to 12 months,
the CsA dose for Cordyceps participants was significantly lower
than control group participants. No significant differences were
observed in whole blood trough CsA concentrations at one to two
months post-transplantation.

Ding 2011 reported whole blood trough CsA concentrations in the
Cordyceps group were significantly lower than control group at
three months (Analysis 2.5.1 (109 participants): -34.1 pg/L; 95%
Cl -55.73 to -12.47), six months (Analysis 2.5.2 (109 participants):
-17.90 pg/L; 95% Cl -31.85 to -3.95), and at one year (Analysis 2.5.3
(109 participants): -12.60 pg/L; 95% CI -19.99 to -5.21).

Complications and side effects of immunosuppression

Ding 2011 reported participants who received Cordyceps plus low
dose CsA treatment showed a significantly lower incidence of
pulmonary infection compared with the control group at one year
(Analysis 2.6 (182 participants): RR 0.43, 95% Cl 0.19 to 0.96).
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Ding 2011 reported less CNI nephrotoxicity (confirmed by
percutaneous kidney transplant biopsy) in the Cordyceps plus
low dose CsA group at one year, however the difference was not
statistically significant (Analysis 2.7 (182 participants): RR 0.50,95%
C10.24t0 1.04).

Liver enzymes were significantly lower in the Cordyceps plus low
dose CsA group compared to the control group (Analysis 2.8 (136
participants): MD -5.70 U/L AST, 95% Cl -9.95 to-1.45) (Analysis 2.9
(136 participants): MD -3.80 U/L ALT, 95% CI -7.63 to 0.03).

Ding 2011 reported Cordyceps plus low dose CsA significantly
increased serum albumin compared to the control group (Analysis
2.10 (136 participants): 5.50 umol/L; 95% CI 1.05 to 9.95). Serum
uric acid was significantly lower in the Cordyceps plus low dose
CsA group compared to the control group (Analysis 2.11 (109
participants): -84.19 umol/L; 95% Cl -117.86 to -50.52) compared
with control. Serum albumin was used as a liver function marker.
In their assessment of serum albumin levels Ding 2011 excluded
recipients who had died or experienced allograft function loss and
hepatotoxicity. Serum uric acid was used as a kidney function
marker, and similarly, recipients who had died or experienced
allograft function loss and nephrotoxicity were excluded from the
analyses.

No other adverse reactions to drug administration were reported.

Quality of life

Quality of life measures were not reported.
DISCUSSION

Summary of main results

We included five studies (6 reports; 447 participants) that
assessed the effects of Cordyceps as adjuvant therapy in initial
maintenance immunosuppression for kidney transplantation
recipients conducted at hospitals in China. Suboptimal methods
and data reporting meant that overall the included studies were
assessed as having unclear risks of bias.

Compared with AZA, Cordyceps significantly improved kidney
function (SCr) and incidence of acute rejection during the first
year following transplantation was less, however this was not
significant. Mortality and graft survival did not differ between the
treatment groups in the first year post-transplantation. Limited
evidence suggested that compared with AZA, Cordyceps improved
anaemia and leucopenia, decreased liver enzymes, and may reduce
incidence of infection (Sun 2004a; Wang 2005; Wang 2005a; Yu
1991).

Only one study compared Cordyceps with low dose CsA versus
standard dose CsA. Ding 2009 did not report any statistically
significant differences between arms in relation to patient survival,
graft loss, acute rejection, or allograft function within the first year
post-transplantation. Cordyceps was associated with benefits in
reducing pulmonary infection, serum albumin and uric acid levels,
and liver enzymes. CNI nephrotoxicity was less in the Cordyceps
and low CsA group. These benefits may either be due to Cordyceps'
protective effects, or simply due to lower CsA exposure.

Overall completeness and applicability of evidence

We were unable to obtain data relating to all predefined outcomes
because of lack of reporting. Overall, outcome reporting was
suboptimal: in four studies that compared Cordyceps versus AZA,
two reported on patient survival, four on graft loss, three on acute
rejection, two on adverse events, and only one study reported
on infection, anaemia, leucopenia, and liver enzymes. None of
included studies reported quality of life outcomes.

In the past decade, more powerful immunosuppressive drugs have
become available which are widely used for kidney transplant
recipients. However, we did not find any studies that investigated
other more aggressive drugs, such as tacrolimus or induction
therapy. We did not find RCTs comparing Cordyceps versus MMF
or Cordyceps with low dose tacrolimus versus standard dose
tacrolimus. Cordyceps was assessed as part of initial maintenance
immunosuppression therapy in all studies. None of the study
participants received Induction therapy.

Quality of the evidence

The quality and quantity of available evidence limited our findings
and interpretations. Limited numbers of participants wereincluded
in five studies, and therefore, risks of random errors potentially
explain occasional significant effects in individual studies. In
addition, all participants were Chinese and therefore may not
be representative of the global population of kidney transplant
recipients.

All included studies were of short duration (three months to one
year), so it was not possible to elicit evidence relating to longer-
term effects of Cordyceps on outcome measures. Long-term effects
in terms of mortality, graft loss, chronic allograft injury, infection,
and malignancy would be particularly valuable.

We explored statistical heterogeneity using the Chi? test and
measured heterogeneity using 1> test. When studies are small
or few in number, as in this review, the power of the Chi? test
in meta-analyses is limited. Hence, we looked at both fixed-
effect and random-effects models to provide more conservative
effect estimates; no differences were seen for outcome measures
considered in this review. Because many outcomes involved few
patients and events, the precision of our results was influenced, and
accordingly, confidence intervals were wide.

Potential biases in the review process

Studies assessed at high risk of bias tend to overestimate beneficial
intervention effects. Of the five included studies, important
methodological details (such as allocation concealment and
blinding) were seldom reported. The risk of systematic errors that
might stem from these design and methodological defects were
therefore difficult or impossible to assess with precision. It is
possible that estimated intervention effects, especially significant
beneficial effects, could be attributable to systematic errors.

The paucity and small sample size of available studies meant that
risk of random error was high and the ability to detect the true
beneficial or harmful effects associated with the use of Cordyceps
was considerably weakened for this review.
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Agreements and disagreements with other studies or
reviews

A recent longer-term (three to five year follow-up) retrospective
clinical study involving 180 kidney transplantation recipients
(Wang 2013) compared Cordyceps (Bailing capsules) (80) versus
no drug (100). Participant groups did not differ significantly
in demographic or immunological parameters (age, gender,
cold ischaemia time, donor-recipient human leukocyte antigen
typing, lymphocytotoxicity testing, and use of immunosuppressive
agents). There was no significant difference in incidence of
acute rejection between the groups. One and five-year kidney
allograft survival rates were 97.5% and 95.0% respectively in the
Cordyceps group, and 92.5% and 84% respectively in control group.
Differences in kidney allograft survival were statistically significant
at five years post-transplantation. Although one and five year
patient survival rates were 98.7% and 98.0% respectively in the
Cordyceps group, and 95.0% and 93.0% respectively in control
group, the differences were not statistically significant. Participants
in the Cordyceps group had lower incidence rates of infection, liver
enzymes, total bilirubin, and uric acid and higher peripheral red and
white blood cell counts than control group participants. Although
our analysis found similar outcomes, it is uncertain if short-term
trends could translate to long-term benefits.

There were few studies (Zhang 2008; Zhang 2011) that
investigated the effect of Cordyceps on chronic allograft
nephropathy in kidney transplant recipients. Zhang 2011 involved
231 participants and compared Cordyceps with standard care
(traditional immunosuppressive agents only), with traditional
immunosuppressive drug baseline in both arms. Cordyceps
treatment significantly improved SCr and CrCl, but no significant
improvement was observed in the control group. No adverse
effects (acute rejection, infection, impairment of liver function,
and reduction of white blood cell count) were observed in the
Cordyceps group. These results suggest that Cordyceps may
provide some protection of allograft kidney function from chronic
injury in kidney transplantation recipients.

We found no evidence that Cordyceps had been used as part
of immunosuppressive therapy for other solid organ transplant
recipients.

AUTHORS' CONCLUSIONS

Implications for practice

Compared with AZA, Cordyceps showed no difference in mortality
and graft loss, but was associated with some improvement in graft
function, anaemia, leucopenia, and liver function injury. There
was limited evidence to suggest that Cordyceps may reduce acute
rejection and infection rates. The results from one study indicated

that compared with standard dose CsA, Cordyceps with low dose
CsA did not significantly differ in terms of mortality, graft loss,
acuterejection, or allograft function. Positive effects were indicated
in relation to pulmonary infection, serum albumin and uric acid
levels. These benefits could simply be due to lower CsA exposure
rather than any protective effect of Cordyceps.

All results should be interpreted with caution: we identified
limitations relating to the quality, number, size, duration, and
nature of included studies. The marginal benefits shown could
equally be due to lower doses of CNI or AZA, both of which
have proven dose-related toxicities. Potentially positive effects
attributed to Cordyceps need to be investigated further and
clarified.

Implications for research

All included studies were of short duration. It remains unclear
if short-term beneficial effects identified can be maintained and
translated into the longer-term. Furthermore, because many events
(such as malignancy, death, allograft failure) are more likely to
occur beyond 12 months post-transplantation, longer-term studies
are needed to confirm this possibility.

Further comprehensive investigation is warranted to establish
if Cordyceps with, or in place of a component of traditional
immunosuppressive therapy (such as CNI and an antiproliferative
agent with or without corticosteroids), would achieve sufficient
immunosuppression and minimise drug-related toxicity. Future
studies should investigate Cordyceps use in immunosuppressive
therapies using tacrolimus, MMF, or induction therapy.

The mechanisms of action of Cordyceps need to be explored in
experimental studies: its active components and biological activity
need to be identified. The mechanism of action for some effects
remains unknown.

Appropriately sized and powered RCTs investigating the
effects of Cordyceps in immunosuppressive therapy for kidney
transplantation recipients need to be considered. Such studies
should be planned and conducted to ensure low risk of systematic
and random errors, and apply the CONSORT guidelines.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Ding 2011
Methods « Study design: parallel RCT
« Time frame: January 2005 to December 2007
« Follow-up: 1 year
Participants « Country: China
« Setting: hospital
« Number: treatment group (83); control group (99)
« Mean age + SD (years): treatment group (36.7 + 11.7); control group (38.3 + 10.6)
« Sex (M/F): treatment group (65/18); control group (80/19)
Interventions Treatment group
» Cordyceps sinensis: 1.0 g, 3 times/d
« Low dose CsA
Control
« Standard dose CsA
Duration of intervention
+ lyear
Co-interventions
« MMF + steroid
Outcomes « Oneyear patient and graft survival rate
« Kidney function (SCr, BUN, uric acid)
« 24h proteinuria
» Blood trough CsA concentration
« Liver function (ALB, AST, ALT, DBIL,TBIL)
« Complications (acute rejection, hepatotoxicity, nephrotoxicity, pulmonary infection)
« Serum cytokines (IL-2, IL-10)
Notes « Funding: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Low risk Patients were randomly assigned by lot using a random number table to treat-
tion (selection bias) ment and control groups
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Ding 2011 (Continued)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants Unclear risk Insufficient information to permit judgement
and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding was not reported, but the outcome were objective and unlikely to be
sessment (detection bias) influenced by lack of blinding
All outcomes

Incomplete outcome data  Low risk No missing outcome data
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement
porting bias)

Other bias Unclear risk Insufficient information to permit judgement
Sun 2004a
Methods « Study design: parallel RCT

« Time frame: 1999 to 2001
+ Follow-up: 1 year

Participants « Country: China
 Setting: hospital
« Number: treatment group (57); control group (64)
« Mean age (years): treatment group (42.9); control group (40.5)
« Sex (M/F): treatment group (39/18); control group (42/22)

Interventions Treatment group
« Cordyceps sinensis: 3 g/d
Control group
+ AZA:50 mg/d
Duration of intervention
o lyear
Co-interventions

« CsA:started as 150 mg/d and then adjusted according to the level of SCrand CsA blood concentration

» Prednisone: started as 80 mg/d, then reduced 10 mg every day, maintained with 20 mg/d, reduced
to 10 mg/d after 1 year

Outcomes « 1lyear graft survival rate
« Incidence of acute rejection
« Kidney function (SCr, BUN)
« Urinary RBC
» Serum uric acid
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Sun 2004a (Continued)

« Liver function (ALB, AST, ALT)
+ Blood tests (RBC, WBC, platelets)
« Complication incidence (infection)

» Serum glucose level

Notes « Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Divided into two groups according to random number table

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Insufficient information to permit judgement

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding was not reported, but the outcome were objective and unlikely to be

sessment (detection bias) influenced by lack of blinding

All outcomes

Incomplete outcome data  Low risk No missing data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement

porting bias)

Other bias Unclear risk Insufficient information to permit judgement
Wang 2005

Methods « Study design: parallel RCT

« Time frame: April 1994 to October 2003

« Follow-up: 1 year

Participants

« Country: China
 Setting: hospital

« Number: treatment group (21); control group (21)
« Mean age (years): treatment group (34.2); control group (35.2)
« Sex (M/F): treatment group (16/5); control group (13/8)

Interventions

Treatment group

« Cordyceps sinensis: 6 g/d and reduced to 3 g/d after 1 year

Control group

« AZA:150 mg/d and reduced to 75 mg/d after 1 year

Duration of intervention
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Wang 2005 (Continued)
» lyear

Co-interventions

« CsA:7mg/kg/d and reduced to 4 mg/kg/d after 1 year
« Prednisone: 30 mg/d and reduced to 10 mg/d after 1 year

Outcomes « 1lyear graft survival rate
« Incidence of acute rejection
« Incidence of reduction of WBC
Notes « Funding: not reported
Risk of bias
Bias Authors' judgement  Support for judgement
Random sequence genera-  Unclear risk Divided randomly into two groups, but the method was not reported
tion (selection bias)
Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)
Blinding of participants Unclear risk Insufficient information to permit judgement
and personnel (perfor-
mance bias)
All outcomes
Blinding of outcome as- Low risk Blinding was not reported, but the outcome were objective and unlikely to be
sessment (detection bias) influenced by lack of blinding
All outcomes
Incomplete outcome data  Low risk No missing data
(attrition bias)
All outcomes
Selective reporting (re- Unclear risk Insufficient information to permit judgement
porting bias)
Other bias Unclear risk Insufficient information to permit judgement
Wang 2005a
Methods « Study design: parallel RCT

« Time frame: not reported

+ Follow-up: 1 year

Participants

« Country: China
« Setting: hospital

« Number: treatment group (36); control group (32)
« Mean age (years): treatment group (45); control group (47)
« Sex (M/F): treatment group (20/16); control group (18/14)

Interventions

Treatment group
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Wang 2005a (Continued)

Cordyceps sinensis; doses not reported

Control group

AZA: doses not reported

Duration of intervention

1year

Co-interventions

CsA: doses not reported
Prednisone: doses not reported

Outcomes « 1lyear graft survival rate

Notes « Funding: not reported

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Unclear risk Described as "randomly assignation", but the method was not reported

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement

(selection bias)

Blinding of participants Unclear risk Insufficient information to permit judgement

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Not reported, but the outcome were unlikely to be influenced by lack of blind-

sessment (detection bias) ing

All outcomes

Incomplete outcome data  Low risk No missing data

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement

porting bias)

Other bias Unclear risk Insufficient information to permit judgement
Yu 1991

Methods « Study design: parallel RCT

Time frame: April 1989 to October 1990
Follow-up: 3 months to 1 year

Participants

Country: China

Setting: hospital

Number: treatment group (17); control group (17)

Mean age (years): treatment group (34.2); control group (35.2)
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Yu 1991 (Continued)

« Sex (M/F): treatment group (12/5); control group (13/4)

Interventions Treatment group
« Cordyceps sinensis: 5.2 g/d
Control group
« AZA:started as 150 mg/d and reduced to 75 mg/d after 1 year
Duration of intervention
» lyear
Co-interventions

« CsA:started as 7 mg/kg/d and reduced to 4 mg/kg/d after 1 year
» Prednisone: started as 30 mg/d and reduced to 10 mg/d after 1 year

Outcomes « 1year patient and graft survival rate
« Incidence of acute rejection
« Kidney function (SCr, 3 months after operation)
« Liver function (ALT, 3 months after operation)
« Incidence of reduction of WBC
+ Phagocytosis function of WBC
« Activity of natural killer cells

Notes + Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Unclear risk Randomly divided into two groups, but method was not reported

tion (selection bias)

Allocation concealment Unclear risk Insufficient information to permit judgement
(selection bias)

Blinding of participants Unclear risk Insufficient information to permit judgement

and personnel (perfor-

mance bias)

All outcomes

Blinding of outcome as- Low risk Blinding was not reported, but the outcome were objective and unlikely to be
sessment (detection bias) influenced by lack of blinding

All outcomes

Incomplete outcome data  Low risk No missing data
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Insufficient information to permit judgement
porting bias)

Other bias Unclear risk Insufficient information to permit judgement
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ALB - albumin; ALT- alanine aminotransferase; AST- aspartate aminotransferase; AZA - azathioprine; BUN - blood urea nitrogen; CsA
- cyclosporin A; DBIL - direct bilirubin; IL- interleukin; M/F - male/female; MMF - mycophenolate mofetil; RBC - red blood cell; RCT -
randomised controlled trial; SCr - serum creatinine; SD - standard deviation; TBIL - total bilirubin; WBC - white blood cell

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Ding 2009 Not RCT

Min 1996 Not RCT

Xu 1995 Cordyceps sinensis was used as a secondary regimen for stable kidney transplant recipients 3
months after transplantation. Study duration was only days

Xu 1997 Cordyceps sinensis was not investigated

Zhang 2008 Cordyceps sinensis was used as a secondary regimen for kidney transplant recipients with chronic
allograft nephropathy. Outcomes reported were graft function (SCr) at 6 months and 9 months af-
ter treatment

Zhang 2011 Cordyceps sinensis was used as a secondary regimen for kidney transplant recipients with chronic

allograft nephropathy

RCT - randomised controlled trial; SCr - serum creatinine

DATA AND ANALYSES

Comparison 1. Cordyceps sinensis versus azathioprine

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 Graft survival 4 244 Risk Ratio (M-H, Random, 95% Cl) 0.81[0.31,2.10]

2 Acute rejection 3 197 Risk Ratio (M-H, Random, 95% Cl) 0.72[0.44,1.17]

3 Serum creatinine 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
4 Infection 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
5 Leukocytes 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
6 Erythrocytes 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
7AST 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
8ALT 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
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Analysis 1.1. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 1 Graft survival.

Study or subgroup Cordyceps AZA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Sun 2004a 4/57 5/64 — B 56.88% 0.9[0.25,3.18]
Wang 2005 1/21 2/21 * 16.88% 0.5[0.05,5.1]
Wang 2005a 1/36 1/32 12.22% 0.89[0.06,13.64]
Yu 1991 1/7 1/6 + 14.03% 0.86[0.07,10.96]
Total (95% ClI) 121 123 i 100% 0.81[0.31,2.1]
Total events: 7 (Cordyceps), 9 (AZA)
Heterogeneity: Tau?=0; Chi*=0.2, df=3(P=0.98); I1>=0%
Test for overall effect: Z=0.44(P=0.66) ‘ ‘ ‘ ‘

More withAZA 002 0.1 1 10 50 More with Cordyceps

Analysis 1.2. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 2 Acute rejection.

Study or subgroup Cordyceps AZA Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Sun 2004a 3/57 4/64 + 11.1% 0.84[0.2,3.6]
Wang 2005 7/21 11/21 —— 44.09% 0.64[0.31,1.32]
Yu 1991 /17 9/17 —— 44.81% 0.78[0.38,1.6]
Total (95% Cl) 95 102 - 100% 0.72[0.44,1.17]
Total events: 17 (Cordyceps), 24 (AZA)
Heterogeneity: Tau?=0; Chi?=0.2, df=2(P=0.91); I>=0%
Test for overall effect: Z=1.34(P=0.18)

Less with Cordyceps 01 0.2 0.5 1 2 5 10 LesswithAZA

Analysis 1.3. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 3 Serum creatinine.

Study or subgroup Cordyceps AZA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI| Random, 95% CI
Sun 2004a 53 97.8 (31.1) 59 112.8(37.6) —_— -15[-27.73,-2.27]
Lower with Cordyceps  -50 25 0 25 50 | ower with AZA

Analysis 1.4. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 4 Infection.

Study or subgroup Cordyceps AZA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Sun 2004a 19/57 27/64 —.—‘— 0.79[0.5,1.26]
Less with Cordyceps 02 0.5 1 2 5 Lesswith AZA
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Analysis 1.5. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 5 Leukocytes.

Study or subgroup Cordyceps AZA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Sun 2004a 57 6.4 (1.5) 64 3.9(L.1) — 2.5[2.03,2.97]
Lower with Cordyceps 4 2 0 2 4 Lower with AZA

Analysis 1.6. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 6 Erythrocytes.

Study or subgroup Cordyceps AZA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Sun 2004a 57 4.6 (0.8) 64 3.6 (0.6) — 1[0.75,1.25]
Lower with Cordyceps -2 -1 0 1 2 Lower with AZA

Analysis 1.7. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 7 AST.

Study or subgroup Cordyceps AZA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI| Random, 95% CI
Sun 2004a 57 34.7(12.1) 64 52.3(18.5) — -17.6[-23.11,-12.09]
Lower with Cordyceps  -50 25 0 25 50 | ower with AZA

Analysis 1.8. Comparison 1 Cordyceps sinensis versus azathioprine, Outcome 8 ALT.

Study or subgroup Cordyceps AZA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Sun 2004a 57 31.5(11.4) 64 46.8 (17.5) — ‘ -15.3[-20.51,-10.09]
Lower with Cordyceps  -50 25 0 25 50 Lower with AZA

Comparison 2. Cordyceps sinensis plus low dose cyclosporin A versus standard dose cyclosporin A

Outcome or sub- No. of studies No. of partici- Statistical method Effect size

group title pants

1 All-cause mortality 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
2 Graft survival 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
3 Acute rejection 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
4 Serum creatinine 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
5 Whole blood trough 1 Mean Difference (IV, Random, 95% Cl) Totals not selected

CsA concentration

5.13 months 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
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Outcome or sub- No. of studies No. of partici- Statistical method Effect size
group title pants
5.2 6 months 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
5.3 12 months 1 Mean Difference (IV, Random, 95% Cl) 0.0[0.0,0.0]
6 Pulmonary infection 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
7 Nephrotoxicity 1 Risk Ratio (M-H, Random, 95% Cl) Totals not selected
8 AST 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
9ALT 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
10 Albumin 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
11 Uric acid 1 Mean Difference (IV, Random, 95% Cl) Totals not selected
Analysis 2.1. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 1 All-cause mortality.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ding 2011 2/83 4/99 . } 0.6[0.11,3.17]
Less with Cord+low dose ~ 005 0.2 1 5 20 |ess with std dose CsA
Analysis 2.2. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 2 Graft survival.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ding 2011 4/83 6/99 4o—~— 0.8[0.23,2.72]
More with std dose CsA  0-1 02 0.5 1 2 5 10 More with Cord+low
dose
Analysis 2.3. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 3 Acute rejection.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ding 2011 10/83 15/99 _._~_ 0.8[0.38,1.68]
Less with Cord+low dose 0.1 0.2 0.5 1 2 5 10 Lesswithstd dose CsA
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Analysis 2.4. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 4 Serum creatinine.

Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ding 2011 58 108.5 (26.6) 51 114.2 (22.5) —o—’— -5.62[-14.84,3.6]
Lower with Cord+low dose 20 -10 0 10 20 |ower with std dose CsA
Analysis 2.5. Comparison 2 Cordyceps sinensis plus low dose cyclosporin A versus
standard dose cyclosporin A, Outcome 5 Whole blood trough CsA concentration.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
2.5.1 3 months
Ding 2011 58 213.4 (57.5) 51 247.5 (57.5) —_— -34.1[-55.73,-12.47]
2.5.2 6 months
Ding 2011 58 146.5 (28.7) 51 164.4 (43.1) — -17.9[-31.85,-3.95]
2.5.3 12 months
Ding 2011 58 98.8 (14.4) 51 111.4(23.3) —+ -12.6[-19.99,-5.21]
Lower with Cord+low dose ~ -100 -50 0 50 100 | ower with std dose CsA

Analysis 2.6. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 6 Pulmonary infection.

Study or subgroup Cordyceps+low dose CsA Standard dose CsA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% Cl
Ding 2011 10/83 24/99 —_—t 0.5[0.25,0.98]
Less with Cord+low dose 01 02 0.5 1 2 5 10 |esswithstd dose CsA
Analysis 2.7. Comparison 2 Cordyceps sinensis plus low dose cyclosporin
A versus standard dose cyclosporin A, Outcome 7 Nephrotoxicity.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Risk Ratio Risk Ratio
n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Ding 2011 13/83 27/99 —~—} 0.57[0.32,1.04]
Less with Cord+low dose 01 02 0.5 1 2 5 10 |esswithstd dose CsA
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Analysis 2.8. Comparison 2 Cordyceps sinensis plus low dose
cyclosporin A versus standard dose cyclosporin A, Outcome 8 AST.

Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ding 2011 69 34.5(10.7) 67 402(143) ———— -5.7[-9.95,-1.45]
Lower with Cord+low dose ~ -10 5 0 5 10 Lower with std dose CsA
Analysis 2.9. Comparison 2 Cordyceps sinensis plus low dose
cyclosporin A versus standard dose cyclosporin A, Outcome 9 ALT.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI
Ding 2011 69 30.5(10.1) 67 34.3(12.5) —0—' -3.8[-7.63,0.03]
Lower with Cord+low dose  -10 5 0 5 10 Lower with std dose CSA
Analysis 2.10. Comparison 2 Cordyceps sinensis plus low dose
cyclosporin A versus standard dose cyclosporin A, Outcome 10 Albumin.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI| Random, 95% CI
Ding 2011 69 43.2(13.4) 67 37.7(13.1) —_— 5.5[1.05,9.95]
Higher with low dose CsA  -10 5 0 5 10 Higher with Cord+low
dose
Analysis 2.11. Comparison 2 Cordyceps sinensis plus low dose
cyclosporin A versus standard dose cyclosporin A, Outcome 11 Uric acid.
Study or subgroup Cordyceps+low dose CsA Standard dose CsA Mean Difference Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Ding 2011 83 313.6 (99.2) 99 397.8 (132.2) —_— ‘ -84.19[-117.86,-50.52]
Lower with Cord+low dose ~ -200 -100 0 100 200 | ower with std dose CsA

APPENDICES

Appendix 1. Electronic search strategies

Database

Search terms

CENTRAL

MeSH descriptor Cordyceps, this term only
(cordyceps sinensis*) in Clinical Trials
(Ophiocordyceps sinensis*) in Clinical Trials
(cordyceps*) in Clinical Trials
(

ok wbdE

dongchongxiacao) or (dong chong xia cao) or (dongchong xiacao) in Clinical Trials
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(Continued)

(chongcao*) or chong cao* in Clinical Trials
(LOR2OR3OR4OR5O0RS6)

MeSH descriptor Kidney Transplantation, this term only
(7 AND 8)

o ® N o

MEDLINE Cordyceps/

cordyceps sinensis.tw.

Ophiocordyceps sinensis.tw

cordyceps.tw.

(dongchongxiacao or dong chong xia cao).tw.
(chongcao or chong cao).tw.

or/1-6

Kidney Transplantation/

and/7-8

W e N OURE WD

EMBASE Cordyceps Sinensis Extract/

Cordyceps/

cordyceps sinensis.tw.

Ophiocordyceps sinensis.tw
(dongchongxiacao or dong chong xia cao).tw.
(Chongcao or chong cao).tw.

or/1-6

exp kidney transplantation/

and/7-8

XN WN

Appendix 2. Risk of bias assessment tool

Potential source of bias Assessment criteria
Random sequence genera- Low risk of bias: Random number table; computer random number generator; coin tossing; shuf-
tion fling cards or envelopes; throwing dice; drawing of lots; minimization (minimization may be imple-

mented without a random element, and this is considered to be equivalent to being random).

Selection bias (biased alloca-
tion to interventions) due to
inadequate generation of a
randomised sequence

High risk of bias: Sequence generated by odd or even date of birth; date (or day) of admission; se-
quence generated by hospital or clinic record number; allocation by judgement of the clinician; by
preference of the participant; based on the results of a laboratory test or a series of tests; by avail-
ability of the intervention.

Unclear: Insufficient information about the sequence generation process to permit judgement.

Allocation concealment Low risk of bias: Randomisation method described that would not allow investigator/participant to
know or influence intervention group before eligible participant entered in the study (e.g. central

Selection bias (biased alloca- allocation, including telephone, web-based, and pharmacy-controlled, randomisation; sequential-

tion to interventions) due to ly numbered drug containers of identical appearance; sequentially numbered, opaque, sealed en-

inadequate concealmentofal-  yelopes).
locations prior to assignment

High risk of bias: Using an open random allocation schedule (e.g. a list of random numbers); as-
signment envelopes were used without appropriate safeguards (e.g. if envelopes were unsealed or
non-opaque or not sequentially numbered); alternation or rotation; date of birth; case record num-
ber; any other explicitly unconcealed procedure.
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Unclear: Randomisation stated but no information on method used is available.

Blinding of participants and
personnel

Performance bias due to
knowledge of the allocated
interventions by participants
and personnel during the
study

Low risk of bias: No blinding or incomplete blinding, but the review authors judge that the outcome
is not likely to be influenced by lack of blinding; blinding of participants and key study personnel
ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding or incomplete blinding, and the outcome is likely to be influenced by
lack of blinding; blinding of key study participants and personnel attempted, but likely that the
blinding could have been broken, and the outcome is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Blinding of outcome assess-
ment

Detection bias due to knowl-

edge of the allocated interven-

tions by outcome assessors.

Low risk of bias: No blinding of outcome assessment, but the review authors judge that the out-
come measurement is not likely to be influenced by lack of blinding; blinding of outcome assess-
ment ensured, and unlikely that the blinding could have been broken.

High risk of bias: No blinding of outcome assessment, and the outcome measurement is likely to be
influenced by lack of blinding; blinding of outcome assessment, but likely that the blinding could
have been broken, and the outcome measurement is likely to be influenced by lack of blinding.

Unclear: Insufficient information to permit judgement

Incomplete outcome data

Attrition bias due to amount,
nature or handling of incom-
plete outcome data.

Low risk of bias: No missing outcome data; reasons for missing outcome data unlikely to be relat-
ed to true outcome (for survival data, censoring unlikely to be introducing bias); missing outcome
data balanced in numbers across intervention groups, with similar reasons for missing data across
groups; for dichotomous outcome data, the proportion of missing outcomes compared with ob-
served event risk not enough to have a clinically relevant impact on the intervention effect esti-
mate; for continuous outcome data, plausible effect size (difference in means or standardized dif-
ference in means) among missing outcomes not enough to have a clinically relevant impact on ob-
served effect size; missing data have been imputed using appropriate methods.

High risk of bias: Reason for missing outcome data likely to be related to true outcome, with either
imbalance in numbers or reasons for missing data across intervention groups; for dichotomous
outcome data, the proportion of missing outcomes compared with observed event risk enough to
induce clinically relevant bias in intervention effect estimate; for continuous outcome data, plausi-
ble effect size (difference in means or standardized difference in means) among missing outcomes
enough to induce clinically relevant bias in observed effect size; ‘as-treated’ analysis done with
substantial departure of the intervention received from that assigned at randomisation; potentially
inappropriate application of simple imputation.

Unclear: Insufficient information to permit judgement

Selective reporting

Reporting bias due to selective

outcome reporting

Low risk of bias: The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in the pre-specified way;
the study protocol is not available but it is clear that the published reports include all expected out-
comes, including those that were pre-specified (convincing text of this nature may be uncommon).

High risk of bias: Not all of the study’s pre-specified primary outcomes have been reported; one or
more primary outcomes is reported using measurements, analysis methods or subsets of the data
(e.g. subscales) that were not pre-specified; one or more reported primary outcomes were not pre-
specified (unless clear justification for their reporting is provided, such as an unexpected adverse
effect); one or more outcomes of interest in the review are reported incompletely so that they can-
not be entered in a meta-analysis; the study report fails to include results for a key outcome that
would be expected to have been reported for such a study.

Unclear: Insufficient information to permit judgement

Other bias

Low risk of bias: The study appears to be free of other sources of bias.
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Bias due to problems not cov-
ered elsewhere in the table

High risk of bias: Had a potential source of bias related to the specific study design used; stopped
early due to some data-dependent process (including a formal-stopping rule); had extreme base-
line imbalance; has been claimed to have been fraudulent; had some other problem.

Unclear: Insufficient information to assess whether an important risk of bias exists; insufficient ra-
tionale or evidence that an identified problem will introduce bias.
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